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COMPLETE SPECIFICATION 

Polytetrafluoroethylene Tubing Having Electrically 
Conductive Properties 
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Wc, Atlas GoRKMtAXioN, a coipcwaticHi 
organized and edsdng under the laws of tte 
State of Delaware, United States of America, 
located at 80, Hne Street, New York, State 
of New Yorl^ United States of America, do 
hereby declare the invention for which we peay 
that patent may be granted to us and the 
mediod by which it is to be performed to be 
particularly described in and by the follow- 
ing statement: — 

This invention relates to tubing of polytetca- 
fluoroethylene, its object being to provide 
sudi a tubing which provides an electrically 
conductive path confined to an inner portion 
of the wall and capable of harmlessly dissipat- 
ing static dectrical energy which results, for 
exampde^ from pumping petroleum fuels 
through such tubing on fuel host line installa- 
tions of aircraft engines. 

PoLytetzafluoroethylene, commonly known 
by the trade marie "Teflon" and hereafter 
referred to by ibat name, is used extensively 
in tube form for aircraft engine fuel hose 
lines and the like where extreme conditions 
of temperature and pressure are encountered 
during engine operation and where a hi^ 
degree of satisfactory performance and us^ul 
life is essential. Where reliable performance 
characteristics of sudi a nature are required 
the tubing is, of course, previously subjected 
to rigid inspecti<»i procedures and must meet 
certain specifications and tests before accept- 
ance for installation. 

Jn such use oi Teflon tubing a fuel line is 
conventionally covered with an armored sheath 
as a flexible wice braid covering. Although 
rigidly inspected and tested equipment hereto- 
fore has indicated satisfactory performance 
was to be expected over a long period of time 
it was found that premature faihixes and leak- 
age fregjjgnthc^crccurred. It was then found 
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that an electrostatic charge gradually built up 
tbe lines and that this frequently failed to be 
harmlessly dissipated to and through tfie metal 
of an end fitting or otherwise as might have 
been anticipated. Rather it appeared in cer- 
tain failures that the static electricity was dis- 
charging by ardng through the Teflon wall 
and was thus grounded by way of the metal 
of the wire braid covering. A nanute pin 
hole was formed in the wall stnictuie by the 
arcing and thus caused the tube leakage. The 
improved tubing of this invmdon prevents 
this type of failure. 

According to the pieseent invi^ition, a 
tubing has an integral polytetrafluoroethylene 
waH structure the cross-sedtion of which 
includes a substantially annular interior liner 
portion extending fma end to end of ibe 
tubing and incorporating a uniform dispersion 
of electrically conductive particles embedded 
in the poljrtetrafluoroethylene and providing a 
path for discharge of static electricity from 
the interior of the tube, and a nrajor outer 
portion completely surrounding tbe liner por- 
tion exterionly and being relatively non-con-, 
ductive. The outer portion may be, for ex- 
ample, cylindrical in cross-section. 

Teflrai tubing as used for high perform- 
ance, aircraft £iel lines and as conduits for 
other fluids under extremely hig^- pressures is 
conventionaDy extruded as '*pure" or natural 
Teflon. It nmy also be extruded with certain 
additives claimed to have besefidal effects 
in one re^Tect or another. An example of 
one such additive is a small amount of car- 
Ixm black believed to create a mcse satis- 
factory union or bond between lengths ctf 
thin wall tubing i^en continuously extended 
from sucoesive preforms in the paste extrusion 
process now wdl known in the art. Other 
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materials or "fillers'* are also somedmes used 
for pigmentation purposes. 

Extruded natural Teflon is generally light 
or "white" in colour and more or less trans- 

5 lucent. When tubing is extruded without 
daiic pigments and as 'Vhite" tubing, many 
locali^ defects sudi as blisters, cra<is and 
splits can be readily detected by the naked 
eye as well as the other possible surface de- 

10 fects such as pits, depresions, or rippled sur- 
face This has a distinct advantage in that 
inspection procedures can be simplified by 
the manufacturer. Furdieanore, the customer 
or user is assured to a great degree of the 

15 quality of the tubing supplied by the fact 
that his own visual inspection will indicate 
whether it has any of the inany difierent 
types of imperfections which might otherwise 
not appear as defects in sample testing of 

20 production run tubing. 

On the other hand when carbon black and 
other pigments rendering the finished tubing 
completely opaque are used for any purpose 
the many imperfections which would oAerwise 

25 be apparent in "white" tubas are effectively 
concealed. Obvious surface defects may be 
detected but less d>vious imperfections leave 
no tdl-tale markings whatsoever because of 
the dark colouring. Such tell tale markings 

30 in the wall of tranducent "white" tubing 
indicate areas where fucther inspection is 
desirable so as to determine whether serious 
defects do in fact exist. 

Accordin^y where the performance 

35 characteristics desired for a particular tubing 
are important the opportunity for inspection 
afforded by "white" Teflon tubing is of prime 
importance. Thus, the outer portion of the 
cross-section of the wall structure of the 

40 tubing is preferably of a light-transmitting 
nature, e.g. is of "white" Teflon. This pre- 
serves to a large degree the advantages of an 
opportunity for visual inspection and thus 
more adequate control in connection with over- 

45 all inspection and testing procedures, whilst 
at the same time the liner provides a definite 
path for discharge of static electricity firom- 
the tube interior. The outer portion of die 
wall forms an excellent dielectric barrier 

50 against arcing to the conventional wire braid 
armored sheadL 

The electrically conductive particles incor- 
porated in the liner portion may be carbon 
black, and in a preferred embodiment the 

55 carbon black is present in the liner portion 
in the proportion of approximately .10 to 
1.0% by weight of the polytetiafluoroethylene 
in ie liner portion. 

Advantageously the wall structure is a 

60 homogeneous extrusion. 

Other features and advantages of the inven- 
tion will be apparent from the following des- 
cription of an embodiment thereof as shown 
by the accompanying drawings in which: 

65 Fig. 1 is an enlarged cross seaional view 



of Teflon tubing embodying the invention and 
shown with a surrounding wire braid sheath; 

Fig. 2 is an enlarged longitudinal sectional 
view of the tube wall; and 

Fig. 3 is a pictorial view of a preform 70 
which may be used in the extrusion process 
to make a tube having the characteristics illus- 
trated by Figs. 1 and 2. 

In the drawings the tubing 2 is shown 
having an outer and an inner annulus as the 75 
cylindrical portions 4 and 6 respectively. Por- 
tions 4 and 6 are preferably integrally formed 
together in the extrusion of a single unitary 
tube 2. As will be appreciated by those 
skilled in the art a cylindrical "preform" 80 
having concentrically located portions of 
Teflon material, with the inner portion ad- 
mixed with a suitable "filler" as will be 
explained, may be inserted in a ram type 
extruder and mc raw tubing formed thereby 85 
with subsequent heating and sintering steps 
in accordance with known practices so as to 
obtain a finished extruded Teflon tube pro- 
duct 

The tube 2 as made from a preform 12 90 
such as that shown by Fig. 3 is a homo- 
geneous unitary body, the inner cylindrical 
portion 6 of which is characterized by having 
confined thereto a filler material having 
electrically conductive properties. Such 95 
material is uniformly dispersed throughout 
the Teflon or portion 6 and a path is thus 
created for dissipating static electricity and 
preventing an excessive build up sufficient 
to permit arcing through the natural Teflon 100 
of the outer portion 4. A well known property 
of natural Teflon is its excellent dielectric 
character. Portion 4 is preferably main- 
tained substantially completely dielearic so 
as to assure confinement of the static elec- 105 
tricity to the passage or path defined by 
portion 6. 

As shown portion 4 comprises the major 
portion of the wall while portion 6 may be 
extremely thin and ribbon-like in cross section. HO 
By way of a specific example a thin wall tube 
having a .049 indi wall may be formed with 
an inner .008 inch annulus provided with 
an electrically conductive material admixed 
with the natural Teflon. Such a tube when 115 
used with a braided wire shsath 9 (Fig. 1) 
as an armored fuel hose gives superior service 
for aircraft fuel lines as compared with tubing 
having the same dimensions and extruded 
entirely of natural Teflon. It also is superior 120 
to tube extruded from a Teflon preform 
entirely admixed with a conductive filler 
material having the same proportions as the 
portion 6 of tube 2. 

A small amount of carbon black preferably 125 
serves as an electrically conductive material 
for incorporating with the natural Teflon 
powder in making up a preform as in Fig. 3 
•for ram type extrusion of tubing. The inner 
cylinder pcrticn 16 of the pccform 12 sur- 130 
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rounding a mandrel 18 is made by partition- 
ing tbe space between the mandrel and the 
preform^ cylinder by a cylinder (not shown) 
located concentrically of the mandrel and pre- 
5 form cylinder and filling the inner section 
with a rtdxture of the Teflon material and the 
conductive filler. The outer section is also 
filled, preferably widi natmral Teflon only, 
although an admixture with a non-conductive 

10 filkr may be used to retain a substantially 
completely dielectric character. The partition- 
ing member is then removed and the powder 
preformed under conventional pressures. The 
two annuli 16 and 14 form a sohd preform 

15 being bonded together as an integiral mass 
and the preform is extrudable into a thm 
wall tubing having the cross section of Figs. 
1 and 2. 

In the extruded tube the dispersion of 

20 carbon black nMterial throughout the natural 
Teflcm provides the path or passage for con- 
ducting static electricity from the interior of 
the tube to the end thereof where it may be 
grounded through the conventional metal of an 

25 end fitting. 

In Fig. 2 the molecules of the carbon 
black powder are depicted at 10 and being 
strung out within the inner annulus 6 and 
confined to this portion, it will be apprsci- 

30 ated that a static electric charge is able to 
find an outiet path for discharge to an end 
fitting without arcing over to the wire braid. 
In otiier words as electrical energy builds up 
sufficiently within the tube, portion 6 acts 

35 as a grounding ribbon whereby an electric 
charge strong enough to pass from pactide 
to particle of the carbon black powder will 
be dissipated through the length of the tube 
before building up energy sufficient to arc 

40 through the barrier of the annulus portion 4. 
From Fig, 2 it can also be seen that if 
the particles of carbon blade or other con- 
ductive material extended throughout the wall 
and thus to the outer tube surface, electrical 
45 energy could then pass via the conductive 
partides to the wire braid covering, particu- 
larly in those locations where the hose might 
be flexed and the tube in actual contact with 
the braid. In: sudi cases the ardng, though 

50 of less intensity than that which occurs when 
a charge is suffidcnt to ground out through a. 
wall entirely of natural Teflon, nevertheless 
such lesser arcing can cause pitting and 
deterioration of wall structure with eventual 

55 tube leakage. 

The amount of carbon black in the inner 
portion 6 may be relatively small as mentioned 
above. The amotmt for any given tube or 
hose application can be governed according 

60 to the parf oxmance characteristics deared for 
a particular installaticm and the known 
tendenqy of particnlar fluids to build up static 
electridty to a greater or lesser de^e. It 
will, of course, be generally rect^mzed that 

65 as the ccHicentration carbcHi black is in- 



creased in the admixture, the effectiveness of 
the innec annulus for more ^dent discharge 
of static dectridty is increased by the better 
electrically conductive properties of the 
annulus. Tbe addition of anywhere from* 70 
.10% to 1.0% by wdght of carbon black as 
compared to the weight of the pure or natural 
Teflon powder has been found satisfactory. 
Less than .10% of carbon black in the ad- 
mixture would be effective for some uses but 75 
for overall satisfactory performance the amcxmt 
should preferably hs at least .10%. As 
the concentrations of carbon black content 
rise above 1.0% the quality of the Teflon 
for extruding for hydraulic and pneumatic 80 
purposes may begin to be impeded. Amounts 
lar^ than 1.0%, may, of course, be tised 
successfully where the quality of tie Teflon 
wall for hydraulic or pneumatic purposes may 
be comprised in the interest of more effident 85 
conductivity for disdaarging static electridty. 
Up to approximately four percent carbon 
black content can be used where the quality 
of the Teflcm innec wall is not of a critical 
nature. 90 

It will be imderstood that by natural or 
''pure** Teflon is meant xmadulterated poly- 
tetrafluoroethylene in fine powder form (Du- 
Pont*s "Teflon 6Cr* being a current grade 
designation). The carbon black is preferably 5^ 
a finely divided channel black of fluffy com- 
position having a partide size appeo^maxxly 
15 to 20 millimicrons. 

In place of carbon black other dectrically 
conductive filler materials may be employed 100 
to establish a confined path of localized nature 
in the tubing wall. Fine aluminum powders 
in flake form and in approxinmtely the same 
weight percentages have resulted in good 
extrusions. 105 

WHAT WE CLAIM IS:— 

1. Tubing having an integral polytetra- 
fluoroethylene wall structure the cross-section 
of which indudes a substantially aimular 
interior liner portion extending from end to 110 
end of the tubing and incorporating a unifonn 
dispersion of dectrically conductive particles 
embedded in the polytetrafluoroethylene and 
providing a pajh for discharge of static dec- 
tridty from^ the interior of the tube, and a 115 
major outer portion oompletdy surrounding 

the liner portion extericaly and being rda- 
tivdy non-conductive. 

2. Tubing, as daimed in dai'm . wherein 
said major outer portion is cylindrical in 120 
cross-section. 

3. Tubing, as claimed in either of claims 
1 and 2, wherein the outer portion of the 
cross-section of the wall structure is of a 
light-transmitting diaxacter. 125 

4- Tubing, as claimed in any one of claims 
1 to 3, wherein the dectrically conductive 
particles consist of carbon black. 

5. Tubing, as daimed in claim 4, wherein 
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the carbon black is present in the liner por- 
ticm in the proportion of apprcmmately .10 to 
1.0% by weight of die polytetraflnoroethylene 
in said liner portioiL 

6. Tubing, as dauned in any one cf claims 
1 to 5, wherein said wall structure is a homo- 
geneous eztmsion. 

7. In conLbination^ tubiiig as claimed in 
any one of claims 1 to 6, a wire braid encas- 



ing said tubing; and a metal end fi t ti ng or 10 
fittings thereon. 

S. Folytetrafluccoethyiene tubing substanti- 
ally as described herein with reference to figs. 
1 and 2 of the accompanying drawing. 
For the Appiicants: 
CHATWIN & COMPANY, 
253, Gray*s Inn Road, 
London, W.Cl. 
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